The fiber gene sequence and pathogenicity of the serotype-1 fowl adenovirus (FAdV-1) isolated from gizzard erosions and from clinically normal chickens were compared among isolates. The FAdV-99ZH strain, which induced gizzard erosions, had a nucleotide sequence of the long fiber gene that was different from that of the Ote strain, which did not induce gizzard erosions. The differences could be distinguished by use of polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) analysis. The long fiber gene of 16 FAdV-1 isolates from gizzard erosions and 10 FAdV-1 isolates from the feces of clinically normal chickens was examined by use of PCR-RFLP analysis. All 16 FAdV-1 isolates from gizzard erosions had the same restriction patterns as those of strain 99ZH; however, 10 FAdV-1 isolates from normal chickens were classified into 3 groups. Specific-pathogen-free (SPF) chickens were inoculated orally with 2 FAdV-1 isolates from gizzard erosions or 3 FAdV-1 isolates from clinically normal chickens to determine the pathogenicity of each strain. Two of 2 FAdV-1 isolates from gizzard erosions induced gizzard erosions. Two of 3 FAdV-1 isolates from normal chickens had the same PCR-RFLP patterns as those of the Ote strain, but did not induce any gizzard erosions. However, 1 FAdV-1 isolate from clinically normal chickens had the same PCR-RFLP pattern as that of strain 99ZH and induced gizzard erosions. These results indicate that there are FAdV-1 strains that have different pathogenicity; one strain induces gizzard erosions, and the other does not. Use of PCR-RFLP analysis of long fiber genes may be able to distinguish between these two strains.
Introduction
Fowl adenoviruses (FAdVs) belong to the genus Aviadenovirus, and are further subdivided into at least 12 serotypes by use of the cross-neutralization test. 6, 13 The FAdV is associated with naturally acquired outbreaks of inclusion body hepatitis (IBH), 11 hydropericardium syndrome, 1 respiratory tract disease, 4 and necrotizing pancreatitis. 21 However, the role of most FAdV isolates as pathogens for chickens has not been well defined, because FAdV can be isolated from sick and clinically normal chickens. 13 Recently, gizzard erosions associated with FAdV have been frequently found in slaughtered commercial broiler chickens in Japan, 2, 17 and serotype-1 FAdV (FAdV-1) has been isolated from most cases. 19 Gizzard erosions have been induced in specific-pathogen-free (SPF) White Leghorn chickens, 14, 15 and commercial broiler chickens 16 inoculated with FAdV-1 isolates from gizzard erosions. The FAdV-1 has, therefore, been regarded as the cause of FAdV-associated gizzard erosions. However, it was previously reported that the Ote strain, the prototype strain of FAdV-1 in Japan, 13 failed to induce gizzard erosions in inoculated chickens. 9 Moreover, until recently, to the authors' knowledge, there have not been any reports of adenoviral gizzard erosions in Japan even though many FAdV-1 isolates have been obtained from chickens in Japan over the years. 10 Therefore, it is believed that 2 variably pathogenic FAdV-1 strains exist in Japan: one capable of causing gizzard erosions, the other incapable of causing these lesions.
It has been reported that FAdV-1 has 2 fibers of different length, short and long, 7 which are important for in vitro and in vivo biology of FAdV-1. 24 It was reported that the fiber gene was responsible for differences in virulence in serotype-8 FAdV (FAdV-8). 22 Those studies indicate that the fibers of FAdV play an important role in infectivity and pathogenicity of FAdV. The purpose of the study reported here was to investigate the differences between FAdV-1 isolates from gizzard erosions and from the feces of clinically normal chickens to compare their fiber genes and their pathogenicity for chickens.
Materials and methods
Nucleotide sequence of long and short fiber genes. The following 4 strains of FAdV-1 were used to determine the nucleotide sequence of the fiber genes: Ote, 99ZH, AGE42, and AGE56. Ote is the representative strain of FAdV-1 in Japan that is isolated from chicken trachea, 8 and does not induce gizzard erosions in inoculated chickens. 9, 14 Strain 99ZH was isolated from gizzard erosions of a broiler chicken, 17 and induces gizzard erosions in inoculated chickens. 15, 16 Strains AGE42 and AGE56 were isolated from gizzard erosions of broiler chickens in various slaughterhouses. All strains were cloned and purified by use of the plaque method in chicken kidney (CK) cells, and were identified and classified as serotype-1 FAdV by results of a cross-neutralization test 12 and of the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method. 23 Viral DNA was extracted from the supernatant of infected cell culture fluids using a commercial kit a according to the manufacturer's instructions. Oligonucleotide primers for the amplification of DNA, corresponding to the entire long and short fiber genes, were designed on the basis of the published sequence data of the avian adenovirus chicken embryo lethal orphan (CELO) strain. 3 The PCR analysis was carried out, with the following pairs of primers amplifying a 2,382-base pair (bp) fragment of the entire long fiber gene (F1: 59-TCA TGA ACG AGG AGG TTG-39, F2: 59-GTT CAT TGA TGA TAC CCC-39), and a 1,233bp fragment of the entire short fiber gene (F3: 59-GCA TGG CTG ACC AGA AAA-39, F4: 59-TTG TTC AGA CCG TAA CGG-39).
For PCR analysis, 1 ml of extracted DNA was added to a reaction mixture containing 0.2 mM dNTP, 1.0 mM MgCl 2 , 0.3 mM each primer, 13 Taq buffer, and 1 U of DNA polymerase b in a final volume of 25 ml. The reaction conditions were 94uC for 2 minutes (1 cycle), followed by 30 cycles of 94uC for 15 seconds, 45uC for 30 seconds, 68uC for 2 minutes 30 seconds, and a final cycle at 68uC for 7 minutes. The PCR products were separated by electrophoresis in 1% agarose gel and stained with ethidium bromide. The amplified products were purified using a commercial kit c according to the manufacturer's instructions, and purified PCR products were sequenced at a commercial facility. d The amplified fiber sequences were aligned using the program CLUSTAL W version 1.83.
Based on the nucleotide sequence data, PCR products amplified the long fiber gene; using the primer pair F1/F2, and the restriction enzyme Hinf I e , which could distinguish the PCR products of strains 99ZH and Ote, were selected for RFLP analysis. Restriction enzyme analysis was carried out in a total volume of 20 ml containing 10 ml of PCR product and 10 U of Hinf I. The procedure was carried out as recommended by the supplier. The cleavage products were separated by electrophoresis in 3.5% agarose gel and were stained with ethidium bromide.
Polymerase chain reaction-RFLP analysis of field FAdV isolates. For PCR-RFLP analysis of field FAdV isolates, 16 FAdV isolates from gizzard erosions of broiler chickens (excluding 99ZH, AGE42, and AGE56) and 10 FAdV isolates from the feces of clinically normal commercial layer chickens were used. Gizzard and fecal samples originated at various randomly selected farms. These FAdV were isolated in CK cells and were identified and classified as serotype-1 FAdV by use of the PCR-RFLP method. 23 Viral DNA was extracted from the supernatant of infected culture fluids, and PCR-RFLP analysis was carried out as described previously.
Experimentally induced infection. Two strains of FAdV-1 isolated from gizzard erosions (99ZH and AGE42) and 3 strains of FAdV-1 isolated from clinically normal commercial layer chickens (NF01, NF02, and NF10) were used in experimentally induced infections to determine the pathogenicity of each strain. These strains were cloned and purified by use of the plaque method, were identified and classified as serotype-1 FAdV by use of a crossneutralization test 12 and the PCR-RFLP method, 23 and were used for chicken inoculation at the fifth passage level in CK cell culture.
Fifty 1-day-old specific-pathogen-free (SPF) White Leghorn chickens were studied in accordance with a protocol approved by the Animal Care and Use Committee of the Zennoh Institute of Animal Health; all animal experiments were performed in accordance with the Guidelines for Care and Use of Laboratory Animals established by that Committee. Throughout the experimental period, the chickens were kept in isolated rooms in a negatively pressured house containing filtered air. Ten chickens each were inoculated orally with a 10 7 median tissue culture infective doses (TCID 50 ) of the 99ZH, AGE42, NF01, NF02, or NF10 strain. On postinoculation days (PID) 5, 7, and 10, three chickens, and on PID 13, one chicken from each group were killed and necropsied. Virus isolation from the gizzard, liver, pancreas, rectum (including feces), trachea, and small intestine (including feces) was attempted according to a described method. 15 Briefly, a 10% (w/v) tissue homogenate was inoculated onto CK cell cultures, and the cultures were observed to detect cytopathic effect (CPE), then the virus titer in TCID 50 was determined.
For histologic examination, the gizzard, gastrointestinal tract, bursa of Fabricius, liver, pancreas, spleen, kidney, heart, lung, and trachea were collected in buffered 20% formalin. All tissue specimens were embedded in paraffin, sectioned, and stained with hematoxylin and eosin in routine manner, then were examined by light microscopy for pathologic changes. 17 
Results
Nucleotide sequence of long and short fiber genes. The DNA from all 4 FAdV isolates was amplified by use of the primer pairs F1/F2 targeting the long fiber gene and F3/F4 targeting the short fiber gene. The nucleotide sequence of the entire long fiber gene of strains 99ZH, AGE42, and AGE56 was 2,382 bp long, as expected, and had 100% identity; however, that of the Ote strain was the same size, but had 14 different base pairs. The nucleotide sequence of the entire short fiber gene of all 4 strains was 1,233 bp long, as expected, and had 100% identity. The patterns from the PCR-RFLP analysis are shown in Figure 1 . The restriction patterns of 99ZH, AGE42, and AGE56 were the same. To facilitate the reporting and handling of the test data, the restriction pattern of 99ZH was called the ''99ZH type'' and that of Ote was called the ''Ote type.'' The restriction patterns of AGE42 and AGE56 were, therefore, of the 99ZH type.
Polymerase chain raction-RFLP analysis of field FAdV isolates. The DNA from all 26 FAdV-1 isolates was amplified using the primer pair F1/F2; the results of PCR-RFLP analysis are shown in Figure 2 . All 16 FAdV-1 isolates from gizzard erosions had the same restriction pattern as that of 99ZH. On the other hand, 10 FAdV-1 isolates from the feces of clinically normal chickens were classified into 3 groups: 6 isolates had the Ote type restriction pattern, 3 had the 99ZH type restriction pattern, and 1 had a mixed Ote and 99ZH type restriction pattern (Table 1) . On the basis of these results, 3 FAdV-1 strains isolated from the feces of clinically normal chickens, NF01 and NF02 (with an Ote type restriction pattern), and NF10 (with a 99ZH type restriction pattern) were selected to be used in experimentally induced infections.
Experimentally induced infection. Clinical signs of disease were not observed in the chickens inoculated with any strain of FAdV-1. At PID 5-13, lesions comprising a detachment of overlaying koilin layer (keratinoid layer) and white foci and erosions were observed macroscopically in gizzard mucosa of chickens inoculated with 99ZH, AGE42, or NF10 ( Table 2 ). For the duration of the study, gross lesions were not apparent in the gizzard of chickens inoculated with NF01 or NF02. No other organs in any of the inoculated chickens contained gross lesions.
The results of virus isolation are summarized in Table 3 . The FAdV was recovered from the gizzard of 7, 8, and 8 chickens inoculated with 99ZH, AGE42, and NF10, respectively. On the other hand, FAdV was recovered in low titer from the gizzard of 2 and 3 chickens inoculated with NF01 and NF02, respectively. The FAdV was recovered from the liver of 1 and 2 chickens inoculated with AGE42 and NF10, respectively.
Microscopic lesions were observed in the gizzard of chickens inoculated with 99ZH, AGE42, and NF10, and consisted of necrosis and erosions of mucosa, lymphocyte infiltrations in the lamina propria, and basophilic intranuclear inclusion bodies in the epithelial cells. The microscopic findings were almost the same among the inoculated strains, and those findings were similar to the lesions observed during a previous study. 15 
Discussion
In the study reported here, PCR-RFLP analysis of the long fiber gene segregated FAdV-1 isolates into 2 groups that differed in their ability to induce gizzard erosions in experimentally infected chickens. This difference in pathogenicity was determined by PCR-RFLP analysis of the long fiber gene, but was not dependent on the source organ of the isolates. Indeed, 3 of 10 field FAdV-1 isolates from the feces of clinically normal layer chickens had the same PCR-RFLP pattern as that of 99ZH, and 1 of them induced gizzard erosions in inoculated chickens. This result suggests that, because the fecal samples were collected from various randomly selected farms, the FAdV-1 that causes gizzard erosions in chickens might already have spread widely in layer chickens in the fields of Japan. However, so far, gizzard erosions have been mostly found in slaughtered broiler chickens, and there have been few reports of gizzard erosions in layer chickens. 25 The broiler chickens with gizzard erosion attributable to experimentally induced infection manifested clinical signs of depression and anorexia, 16 and mortality of commercial broiler chicks with gizzard erosion has been reported. 2 In this study, as well as in a previous study by the authors, 15 however, SPF White Leghorn chickens inoculated with 99ZH did not develop clinical signs of disease despite the fact that they harbored gizzard erosions. These results may explain why gizzard erosions are mostly found at slaughterhouses, even though FAdV-1 isolates that are pathogenic for chicken gizzards might be found in broiler and layer chickens. Therefore, it is not clear how gizzard erosions affect layer chickens.
One of the field FAdV isolates had a mixed 99ZH and Ote-type restriction pattern. It is suggested that this was observed because the DNA samples used in PCR-RFLP analysis of field FAdV isolates were not extracted from cloned viruses and, thus, may contain 2 or more FAdV isolates from the CK cell culture fluid. Indeed, the same results were obtained when PCR-RFLP analysis was carried out using the CK cell culture fluid with added 99ZH and Ote isolates (data not shown).
All FAdV strains that were used in this study for experimentally induced infection were serotype 1, but differed in their pathogenicity for chickens. The pathogenicity of Ote and 99ZH strains has been reported. Ote isolates failed to induce gizzard erosions in inoculated chickens, but induced IBH in intravenously inoculated chickens, and intranuclear inclusion bodies were observed in liver cells, epithelial cells of renal tubules, trachea, and primary bronchi. 9 On the other hand, 99ZH isolates induced gizzard erosions in orally and intravenously inoculated chickens and did not induce IBH. Intranuclear inclusion bodies were observed in epithelial cells of the gizzard, biliary passages, cecal tonsil, and acinar cells of the pancreas. 18, 20 The results of this study corroborate the findings of Erny et al., 5 that for some FAdV isolates, a relationship exists between genotype and virulence but not between serotype and virulence.
The factors that determine the pathogenicity of FAdV are not clear. 13 Results of previous studies indicated that a single gene encoding the fiber was responsible for variations in the virulence of FAdV-8. 22 Tan et al., 24 also reported that the long fiber was important for the in vivo biology of the FAdV-1 CELO strain. Those previous studies and the data herein suggest that analysis of the fiber gene might be useful for investigating the factors that determine pathogenicity of FAdV. The nucleotide substitutions observed in the entire long fiber gene of the Ote strain resulted in 8 amino acid changes, and these amino acid substitutions seemed to be scattered randomly within the long fiber genes (data not shown). However, the nucleotide sequence of the long fiber gene has not been determined for other FAdV-1 isolates used in experimentally induced infection or PCR-RFLP analysis of field FAdV-1 isolates; thus, the phylogenetic relationship of the FAdV-1 isolates used in this study, and of the isolates from other countries is not clear. Further studies of the long fiber gene or the long fiber protein of FAdV are needed to investigate the role of the fiber.
In conclusion, on the basis of ability or inability to induce gizzard erosions, there are 2 subgroups of FAdV-1 that differ in pathogenicity and can be distinguished by PCR-RFLP analysis of the long fiber gene.
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